SUMMARY
In late pregnancy, caval compression may impair venous return and hypotension during extradural anaesthesia for Caesarean section is common [1, 2] , especially in non-labouring mothers [3, 4] . Maternal hypotension may reduce uteroplacental blood flow and cause fetal hypoxia, acidosis and neonatal depression [3] [4] [5] . Fluid preloading is standard practice for prophylaxis and treatment of hypotension in obstetric anaesthesia, but may be ineffective [6] . Our own recent experience is that colloid (3 % Dextran 70) was preferable to crystalloid for volume loading before extradural Caesarean section, as greater haemodynamic stability was maintained and increases in lung water were avoided [7] . However, other investigators have claimed that colloids confer no advantage in comparison with crystalloid solutions [2] .
As the adverse circulatory effects of extradural anaesthesia result from vasodilatation caused by sympathetic block, reduced volume preloading with colloid combined with infusion of a vasopressor may be more appropriate. Vasopressors such as ephedrine are usually administered first when volume expansion is insufficient and then administration of ephedrine 5-10 mg is rapidly effective [6] . However, the effect of ephedrine on arterial pressure seems transient [8] , in spite of an estimated duration of action of about 2 h [9] . Therefore an infusion of ephedrine has been suggested, rather than bolus injection [8, 10] . Prophylactic infusion of ephedrine not only may be more effective against hypotensive episodes, but may also reduce the volume requirements of colloid. We have therefore compared the effects in the non-labouring mother and fetus of a conventional colloid fluid regimen with that of reduced colloid volume loading combined with infusion of ephedrine during induction of extradural anaesthesia for Caesarean section.
PATIENTS AND METHODS
We have studied healthy women (n = 24) without maternal or fetal complications undergoing elective primary or repeat Caesarean section at term. The study was approved by the Ethics Committee of Gothenburg University and all patients gave informed consent.
Patients were fasted from 22:00; the next day they were premedicated with ranitidine 50 mg i.m. and arrived at 07:00 in the surgical unit. For measurements of central venous pressure (CVP) and blood sampling, a central venous catheter was inserted via the basilic vein as described by Ricksten and colleagues [11] and a peripheral vein was cannulated Correspondence to E.W.
also for i.v. infusions. An extradural catheter was inserted approximately 3 cm into the extradural space through a Tuohy needle at L3-4. Thoracic electrical bioimpedance was measured by the BoMed NCCOM3-R7 (Medical Manufacturer, Ltd, Irvine, CA, U.S.A.) to obtain semicontinuous assessments of cardiac index (CI), stroke index (SI) and thoracic fluid index (TFI) [7, 12] . For these measurements, eight electrodes were applied at the root of the neck and at the level of the xiphoid process in the midaxillary line. Arterial pressure was measured non-invasively every 2 min by an automatic instrument (Hewlett-Packard Gmbh, model 78352A, D-7030, Boblingen, Federal Republic of Germany).
Basal haemodynamic data were recorded from thoracic electrical bioimpedance, CVP and arterial pressure. Subsequently, 3 % Dextran 70 (3 % Dx 70) 7.5 ml/kg body weight in 0.9% sodium chloride was administered over 20 min to all parturients. This volume was considered to be a small but necessary volume substitution because of the overnight fluid restriction [3] . To avoid allergic reactions, the infusion was preceded by monovalent haptenDextran 20 ml [13] . During infusion of 3 % Dx 70, a test dose of bupivacaine 2 + 4 ml (5 mg ml" 1 at 37 °C) was given to the patient, who was in a semi-sitting position. Thereafter, the patient was placed supine in a left-lateral tilt of 15°.
After the infusion of 3% Dx 70, bupivacaine 12-18 ml (5 mg ml" 1 ) at body temperature was administered extradurally to produce anaesthesia to at least T6. The patients were then allocated randomly to receive either an infusion of ephedrine 17.5 mg in sodium chloride 35 ml, given over 30 min (10 mg during time 0-10 min, 5 mg during 10-20 min and 2.5 mg during 20-30 min) (group A) or an infusion of 3 % Dx 70, 7.5 ml kg" 1 over 30 min (group B). In all patients, a reduction in systolic arterial pressure (SAP) to 90 % of initial value was treated with ephedrine 5 mg and a reduction to 80 % with ephedrine 5 mg and additional volume of 3 % Dx 70. During operation, 3 % Dx 70, 300 ml h" 1 was administered. Blood losses of more than 500 ml were treated with 6 % Dextran 70, 500 ml. Oxygen was administered via a non-rebreathing face mask to all patients until delivery of the child. After delivery, oxytocin 10 u. was given i.v. as a bolus to all mothers.
Central venous blood was sampled for measurement of haemoglobin, serum protein and albumin concentrations before volume expansion, after first fluid load and after ephedrine infusion (group A) or second fluid load (group B). Analyses were performed according to the routine laboratory practice of the hospital.
At the moment of delivery, the umbilical cord was double clamped. Samples from the umbilical vein and artery were obtained by immediate puncture of the vessels for measurements of blood-gas tensions and acid-base state, haemoglobin and serum albumin concentrations. Blood samples were obtained for blood-gas and acid-base measurements anaerobically in heparinized syringes and analysed immediately (Radiometer, Copenhagen, ABL 500). Haemoglobin was also measured immediately in order to avoid errors caused by clotting (Hemoglobin meter, HemoCue, Angelholm, Sweden) [14] . Times from uterine incision to delivery, Apgar scores and occurrence of respiratory distress or need of extra oxygen for the neonates were recorded.
Statistical analyses
Values are presented as mean (SEM) . Data from the two groups were compared using Student's unpaired and paired t tests and chi-square and linear correlations were used when appropriate. Differences between groups in haemodynamic state were compared by two-way analysis of variance for repeated measures (ANOVA). P < 0.05 was considered significant.
RESULTS
There were no significant differences between the groups in indications for Caesarean section, maternal age, body weight, height, baseline arterial pressure, bupivacaine dose, level of anaesthesia, gestational age, birth weight or sex distribution (table I) . Anaesthetic level was assessed by cold sensation from spraying with ethyl chloride. All patients had satisfactory anaesthesia and did not require supplementary anaesthetic before delivery. After delivery, five patients in group A and four patients in group B received analgesia (alfentanil 0.25-0.5 mg or fentanyl 0.1 mg).
Seven patients (58%) in group B experienced nausea, compared with none in the ephedrine infusion group (P < 0.01) (table II). One patient experienced nausea caused by hypotension before delivery, but in all the others, nausea appeared after delivery in connection with peritoneal closure or manipulation of the uterus.
The degree of hypotension was not significantly different between the groups and treatment was immediately effective in all parturients (table II) After the start of operation the thoracic electrical bioimpedance values were very variable and were considered unreliable in two patients (one in group A weighing 105 kg, and one in group B with polyhydramniosis); the values for these two patients were therefore omitted in all calculations of CI and TFI. CI increased more in the ephedrine infusion group (P < 0.05) and was unchanged until delivery in the volume treated group ( fig. 1 ). Calculated systemic vascular resistance (SVRI) decreased slowly in both groups (P < 0.001) and the smallest values were observed after delivery.
There were no consistent changes in CVP in response to volume loading, induction of extradural block or delivery in each group (fig. 2) . TFI increased more during the first 30 min after extradural anaesthesia with ephedrine infusion (P < 0.05), indicating a decrease in thoracic fluid content, but the change was numerically small. In general, changes in TFI were small in both groups. From 20 min before to 90 min after induction of extradural anaesthesia, urinary output was 150 (23) ml in group A and 198 (42) ml in group B.
The concentrations of haemoglobin, serum albumin and protein were reduced significantly in response to the first fluid loading in both groups (P < 0.001) and further dilution occurred in group B during the second fluid load (P < 0.001 for haemoglobin and serum protein), while slightly increased concentrations occurred after infusion of ephedrine (P < 0.05 for serum albumin and protein) (table III) . At this time, haemodilution was calculated as 8% in the ephedrine infusion group (group A) and 16% in group B. Haemoglobin and serum protein concentrations were greater in group A (P < 0.05 and P < 0.001, respectively) than in group B (table III) .
The longest recorded uterus incision to delivery time was 62 s. Two neonates, one in each group, developed respiratory disturbances requiring oxygen therapy after aspiration of amniotic fluid. In one (group A), diffuse pulmonary infiltrates were evident on chest x-ray at 1 h of age. The infant had Apgar scores of 9 at 5 min and 10 at 10 min, while all other babies had full Apgar scores at 5 min. This baby was the only one with acidosis at birth (pH < 7.20) (umbilical arterial blood pH7.11; base deficit 11 mmol litre" 1 ; PcOj 9.0 kPa; Po 2 2.2 kPa). Umbilical venous and arterial blood-gas tensions and acid-base states are shown in table IV; only Pa^ values differed significantly between groups. There was no correlation between hypotension (smallest SAP) and umbilical arterial pH (r = 0.29) or between hypotension and ephedrine administration (r = 0.14). Serum albumin and haemoglobin concentrations in umbilical venous blood were not significantly different between the groups (table III) . 
DISCUSSION
Liberal fluid preloading is used widely to prevent hypotension during extradural Caesarean section [2, 6] . In women with pre-eclampsia, with a contracted plasma volume [15] and increased plasma concentrations of catecholamines [16] , hypervolaemic haemodilution is especially valuable [17] . However, liberal fluid regimens may cause volume overloading in patients with unrecognized marginal cardiovascular reserve, especially after delivery when the uterus is emptied, caval compression relieved and uteroplacental blood flow redistributed. Liberal crystalloid regimens also increase pulmonary hydration and may even evoke pulmonary oedema [7] . Therefore moderate fluid preloading in combination with a vasopressor agent may be preferable for extradural Caesarean section. In the present study, infusion of 3 % Dextran 70 in sodium chloride was used because of the prophylactic effects of Dextran on thromboembolism related to the hyperviscosity syndrome in pregnancy [18, 19] . The ideal vasopressor agent should stimulate heart rate and cardiac contractility and constrict capacitance vessels, while not affecting resistance vessels [20] . Ephedrine stimulates both alpha and beta receptors, but cardiac stimulation is more prominent [21] . As volume expansion is also designed to increase cardiac output, it is not surprising that the observed difference between the two treatment regimens was small. The maintenance of CVP at or above baseline value by the ephedrine infusion might be interpreted as venous constriction. The effect on resistance vessels was small, as SVRI decreased slowly with ephedrine and colloid infusion, as occurred with double the volume of colloid. Tachycardia was not induced by ephedrine infusion in the present study, and this is in agreement with previous reports [10] . However, after i.m. administration of ephedrine, reactive hypertension has been reported [22, 23] , possibly because of overdosage of ephedrine, promoting hypertension rather than tachycardia. In the present study, the combination of ephedrine and 3 % Dextran 70 infusion was found to maintain a stable circulation. The absence of nausea in the ephedrine group is an interesting observation. The mechanism of nausea occurring with extradural Caesarean section has been suggested to be maternal hypotension and hypoxaemia in the vomiting centre [24] . The occurrence of nausea in our patients in the colloid group after delivery, without concomitant hypotension, suggests vagal overactivity induced by surgical stimulation during extensive sympathetic block. A similar prophylactic effect against nausea and vomiting with ephedrine infusion has previously been shown during spinal Caesarean section [10] .
Ephedrine is thought to have a more beneficial effect on uterine blood flow than other vasopressors [20, 25, 26] . However, the use of vasopressors in obstetric practice has been questioned [27] . The uterine vessels seem to possess only alpha adrenergic receptors,-that is, they are capable of reacting to autonomic stimuli only by constricting [28] . Therefore, ephedrine may cause uterine vasoconstriction and, in addition, is transferred quickly to the fetus, resulting in increased neonatal catecholamine concentrations [29, 30] . Transient central nervous system effects on the neonate have been demonstrated by spectral EEG [30] , with changes in heart rate [29] , but these effects have not been considered clinically important. In the present study, infusion of ephedrine seemed safe, with pH values considerably greater than those after vaginal deliveries [31] , and there were high Apgar scores and few respiratory disorders [32] . Increasing fetal acidosis with increasing doses of ephedrine has been demonstrated by others [4, 29] . However, the severity of hypotension has determined the amount of ephedrine given and hypotension was considered the cause of fetal acidosis. In the present study, ephedrine was given as prophylaxis against hypotension, and there was no correlation between hypotension and the dose of ephedrine.
There was no difference in transplacental passage of water between the two groups as assessed by albumin and haemoglobin concentrations. In a previous study of the risk of overloading the newborn [7] , we were also unable to demonstrate any difference attributable to crystalloid or colloid preloading as measured by thoracic electrical bioimpedance for evaluation of lung water, or as measured by colloid osmotic pressure, haemoglobin or serum albumin concentrations in the newborn. An increased net flow of water into the fetal circulation as a consequence of hypervolaemic haemodilution, increased cardiac output, or both, has been demonstrated previously [17] . However, when sympathetic block is counteracted by a cardiac stimulant such as ephedrine, volume expansion, or both, it may be assumed that hydrostatic intervillous pressure remains within the normal range and there is no significant amount of fluid transferred to the fetus.
